Abstract
further increase by N+P additions, while both N and P became the limiting nutrient management. The whole water ponds situated in Meiliang Bay in the north of Lake Taihu (China), 119 where cyanobacterial blooms dominated throughout the year except winter (Fig. 1) .
120
These ponds were created by dividing the original lake beach through dams with 
Nutrient manipulation experiment

133
Local soils collected from the lakeside were washed and screened with a self-designed 134 floatation facility to remove floating substances and to select the right particle size 135 fraction of the soil particles. The washed and selected soil particles were prepared as 136 the stock suspension (100 g L -1 ) using lake water. Chitosan, the soil modifier, was days by fastening them on the string fixed on both sides of the pond (Fig.1 Where X1 is the concentration of Chl-a at the initial incubation stage (T1), and X2 is 178 the concentration of Chl-a at the peak incubation stage (T2).
179
The maximum growth rate (μmax) and half-saturation constant (Ku) were calculated 180 according to the Monod kinetic equation (Monod 1950 Sedgwich-Rafter counting chamber under microscopic magnification ×400.
197
Phytoplankton species were identified according to Hu (2006) . The Chl-a concentration was reduced from 42 to 18 µg L -1 two hours after MLS 207 treatment, which remained lower than 20 µg L -1 throughout the monitoring period.
208
The average Chl-a concentration in the control pond was more than double of that in 209 the treatment pond within the first 12 months, with a maximum in May 2014 that was 210 3.5 times higher than the treatment (Fig. 2) . higher than that in the treatment pond (Fig. 3a) . experiment, N addition had no effect on Chl-a, whereas P and N+P additions led to 290 significant higher Chl-a concentrations than NA (F3, 8 = 5.671, P < 0.001) in the 291 treatment pond (Fig. 7a) . In the control pond, the Chl-a concentration showed 292 significant increase (F3, 8 = 14.945, P < 0.001) under individual and combined N and 293 P additions (Fig. 7a) . In March 2014 bioassay experiment, the response pattern of 294 phytoplankton to N, P and N+P additions in both ponds (Fig. 7b ) was similar to that of 295 October 2013 bioassay experiment (Fig. 7a) . In the next summer (Jun. 2014), Chl-a 296 exhibited no significant difference compare to NA by either N or P addition but 297 increased significantly only by combining N and P additions in the treatment pond.
298
Different from the Chl-a response of treatment pond, N addition showed higher Chl-a 299 stimulation than P addition, while N+P additions showed the strongest stimulatory 300 effect on Chl-a biomass in the control pond (Fig. 7c) . In the next winter (Dec. 2014),
301
although Chl-a showed increase by nutrient additions in both ponds, the maximum values (< 40 µg L -1 ) were much lower than those in other seasons bioassays (Fig. 7d) . control pond (Fig. 8a) . In March 2014, the phytoplankton growth was no longer P 317 limited when SRP concentrations reached about 0.3 mg L -1 in both ponds (Fig. 8b) (Fig. 8c) . In the next winter (Dec. treatment and control pond, respectively (Fig. 8d) . In the short and mid-term, the relationship between the growth rate and DIN 329 concentration was almost linear in the treatment pond ( Fig. 9a and 9b) , but, an Fig. 9a and 9b ). In the long term, the 332 growth rate of phytoplankton from both ponds exhibited increase with the increase of DIN concentration (Fig. 9c) (Fig. 9d) , and the maximum growth rate in the treatment pond was higher 340 than that in the control pond ( Fig. 8d and 9d) . 
Effects of nutrient concentration and its ratio on nutrient limitation
346
After MLS treatment, about 20% TP was removed from water column within the first 347 two weeks (inserted chart in Fig. 3a) , which mainly depended on the flocculation of algae and suspended particles. The initial removal rate for TP in this work appeared 
373
( Fig. 8a) , and Chl-a exhibited increase with P addition (Fig. 7a) , hence, a P limitation 374 was obtained immediately after MLS treatment. In the control pond, P addition led to 375 a higher Chl-a increase than N addition (Fig. 7a ), indicating that P was the major 
388
( Fig. 8b ), suggesting that P was still the limiting nutrient. This observation agreed 389 with the phytoplankton response to P addition in March 2013 bioassay experiment 390 (Fig. 7b) . However, N addition showed no effect of Chl-a in the treatment pond but 391 increase in the control pond, which mainly depended on phytoplankton composition (discussed in section 4.2).
393
In the long term, P and N concentrations exhibited seasonal variations similar to 394 previous studies on Lake Taihu (Xu et al. 2015) . The maximum concentrations of P
395
(TP and SRP) (Fig. 3) and the minimum concentrations of N (TN, NO3 --N and 396 NH4 + -N) (Fig. 4) occurred in the next summer, meanwhile, the ratio of TN:TP was 397 less than 7:1 due to N reduction, which might lead to a N limitation in both ponds. In 398 the control pond, N addition showed a higher Chl-a increase than P addition and N+P 399 additions led to the strongest Chl-a stimulation (Fig. 7c) , indicating that N was the 400 major limiting nutrient and P was secondary one. In the treatment pond, only 401 combining N and P additions could increase Chl-a biomass significantly (Fig. 7c) .
402
This difference might be related to phytoplankton composition in both ponds. It is seasonal variations of them observed in both ponds ( Fig. 3a and 4a ). In the treatment 406 pond, the high water clarity ( (Table. 1 ). In the next winter, N and P co-limitation occurred in both 419 ponds due to the low concentrations of both N and P. 
Effect of phytoplankton composition on nutrient limitation
421
In the short term, although a large proportion of non-N2 fixing cyanobacteria
422
(microcystis.spp) were removed from the water column of treatment pond (Fig. S2) , were about three times higher than the total cell numbers in the treatment pond (Fig.   433 S4b), hence, more bioavailable N would promote the algae growth. As a result,
434
phytoplankton growth was also controlled by N, providing further information of N
435
and P co-limitation in the control pond.
In the mid-term, cyanophytes decreased greatly and other algae species appeared in 437 both ponds in March 2014 (Fig. 6) , which might be due to the relatively low water 438 temperature (< 15℃) (Fig. S1a) . The optimal temperature for cyanophytes growth is (Fig. 6 ).
456
DIN concentrations were almost the lowest values in both ponds in June 2014 (Fig. 4) ,
457
and non-N2 cyanobacteria would proliferate rapidly only if the adequate N supply. It was fully embodied in the control pond due to the fact that N addition led to 459 significant Chl-a stimulation (Fig. S4d) . Hence, N was the major limiting nutrient for 460 phytoplankton growth in the control pond. However, the cell numbers of high nutrient
461
(N and P) favored bacillariophytes and chlorophytes were 1.7 times higher than that 462 of cyanophytes in the treatment pond, and the Chl-a concentration increased 463 significantly only with N+P additions (Fig. 7c ). This indicated both N and P was (Fig. 8b) . (Fig. 8a and 9a ), which might be caused by the dominant cyanobacteria growth.
496
Conversely, the bacilliariophytes and chlorophytes might lead to higher growth rates 
Conclusions
528
Based on the results of this study, some conclusions can be described as follows.
529
 Nutrient limitation of phytoplankton growth was shifted from N and P 530 co-limitation to P limitation shortly after MLS treatment. In the long term, both N 531 and P became the limiting nutrient.
532
 The upper threshold of DIN for phytoplankton growth was enhanced from 0.8 to 
